Abstract. Pyogenic hepatic abscess (PHA) is a rare, but potentially serious disease. At present, ultrasound-guided or computed tomography-guided percutaneous needle aspiration or catheter drainage is appropriate as a first-line treatment. However, it is difficult to aspirate or drain pus and to select the appropriate antibiotic therapy if the abscess consists of thick pus and polymicrobial confections, or its pathogenic bacterium is multidrug resistant and cryptogenic. Case studies of alcoholization provide a novel method to manage PHA. However, the efficacy and safety of this treatment should be further evaluated. In the present study, the therapeutic efficacy and complications of alcoholization for PHAs in Bama minipigs were investigated. PHAs were prospectively treated by ultrasound-guided percutaneous instillation of absolute alcohol in the abscess cavity. The criteria for considering a successful intervention were met in all minipigs subsequent to alcoholization twice within 14 days. The procedures were well tolerated in all animals, and there were no alcoholic adverse effects or procedure-associated complications. In conclusion, ultrasound-guided percutaneous alcoholization is a safe and effective procedure to manage PHA. The problems of thick pus aspiration and selection of an appropriate antibiotic observed in other treatments were resolved effectively using alcoholization. This technique may reduce the treatment period and possibly become a novel strategy for the management of PHA.
Introduction
Pyogenic hepatic abscess (PHA) is a rare, but potentially life-threatening condition. Population-based studies have reported that the annual average incidence rates of PHA range between 2.3 and 3.6 cases per 100,000 individuals, and the in-hospital case-fatality rates range between 0.0 and 10.0% in western countries (1) (2) (3) (4) (5) . In China, the annual average incidence rate is 11.9 per 100,000 individuals and the in-hospital case-fatality rates range between 2.1 and 11.7% (6) (7) (8) (9) . At present, ultrasound (US) or computed tomography-guided percutaneous needle aspiration (PNA) or catheter drainage (PCD) is appropriate as a first-line treatment based on systemic antibiotic therapy (5, 8, (10) (11) (12) (13) (14) (15) . Although PNA or PCD are equally safe and effective for managing PHA, it remains unclear which procedure should be preferred. However, it is difficult to aspirate or drain pus and to select the appropriate antibiotic treatment in cases where the abscess has thick pus and polymicrobial co-infection, or its pathogenic bacterium is multidrug resistant and cryptogenic in origin (8, 16, 17) .
Absolute alcohol (AA) has the functions of dehydration and fixation. AA has been demonstrated to unselectively cause coagulation necrosis to human and Echinococcus granulosus cells, while it also inactivates the inflammatory mediators and toxins secreted. AA has been demonstrated to unselectively cause coagulation necrosis to human and Echinococcus granulosus cells, while it has also been demonstrated to inactivate the inflammatory mediators and toxins secreted (18) (19) (20) (21) (22) . Therefore, small hepatocellular carcinoma (18) (19) (20) , viable hydatid liver cyst (21) and benign hepatic cyst (16, 22) can all be safely and effectively managed with alcoholization.
To the best of our knowledge, alcoholization as a possible treatment for PHA has previously been reported in three studies, including two cases with chronic granulomatous disease treated by alcohol instillation (23, 24) and a study reporting the treatment in animals by alcohol infusion (25) . The alcoholization may result in complete resolution of the abscess, since it resolves the issues of aspiration of thick pus and selection of the appropriate antibiotic treatment (23) (24) (25) (26) (27) (28) . However, its efficacy and safety should be further evaluated.
The present study established a PHA model in Bama minipigs (29) , and the animals were then prospectively treated with the alcoholization. The results demonstrated that the alcoholization is a safe, effective and well-tolerated method to manage PHA.
Materials and methods

Animals.
A total of 6 Chinese clinically healthy Bama minipigs (2 females and 4 males; mean body weight, 23.8±4.1 kg; weight range, 19-29 kg) were used in the present study. The minipigs were 9-10 weeks of age and purchased from Animal Science and Technology of Guangxi University (Nanning, China). Under specific pathogen-free (SPF) conditions, the animals were kept at 21˚C in a humidity of 50%, with a 12 h light/dark cycle from 6:00 to 18:00 and fed with combination diet of 0.36 kg food/kg weight with ad libitum access to water. The study was performed in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Health. The animal use protocol was reviewed and approved by the Institutional Animal Care and Use Committee of the Chinese PLA General Hospital (Beijing, China).
Percutaneous transhepatic alcoholization procedure. Subsequent to exposing the abdominal cavity of the animals, a mixture of methicillin-sensitive S. aureus (ATCC 29213; American Type Culture Collection, Manassas, VA, USA) and autologous venous blood clot was quickly injected into the liver parenchyma. Autologous venous blood was acquired from the splenic vein when the animal abdominal cavity was exposed and autologous venous blood clot was acquired when the blood was automatically coagulated, as previously described (29) . After day 21, the animals were diagnosed with PHA and were at abscess-formation stage (29) . Next, they were randomly allocated into two groups (15) , including the alcoholization treatment and the physiological saline (PS) control groups.
Food was withdrawn 24 h prior to the intervention with AA. The mini pigs were sedated (29) using intramuscular injection of a solution containing a mixture of 0.83 mg/kg body weight of zolazepam, tiletamine, xylazine and ketamine and 0.17 mg/kg body weight butorphanol [all purchased from Department of Pharmacy, Chinese PLA General Hospital (Beijing, China)]. The body weight and rectal temperature were respectively measured with a health meter and mercury thermometer. Venous blood was obtained from the vena cava anterior in order to examine the white blood cell (WBC) count; a catheter (22G) was inserted into the right ear vein to infuse an anesthetic (29) .
All animals were placed in dorsal recumbency, and the abdominal area was clipped and prepared aseptically. Intervention was performed with AA in the alcoholization group. PS was used in the other group, which acted as a negative control. All animals were sacrificed by exsanguination through the femoral artery under full sedation using intramuscular injection of a solution containing a mixture of zolazepam, tiletamine, xylazine and ketamine (0.83 mg/kg BW of each drug) and butorphanol (0.17 mg/kg BW) (29) . After 21 days of the alcoholization, autopsy was performed for assessing the therapeutic efficacy of the treatment. Samples from the caseous pus of the hepatic abscess were assessed for the bactericidal effect of AA by Gram staining, bacterial cultivation, polymerase chain reaction (PCR) identification and histopathology (29) .
Percutaneous transhepatic US-guided interventions.
All percutaneous interventions were performed under color Doppler US guidance with an Aloka SSD-650 machine and a 3.5 MHz curvilinear transducer (Hitachi Aloka, Tokyo, Japan). A free-hand technique using an 18G x 20 cm disposable PTC needle (Hakko, Nagano-Ken, Japan) was employed for puncturing the abscesses.
The interventions were performed with the PTC needle attached to a 10-ml syringe. The needle was introduced into the abscess cavity through normal hepatic tissue at a depth of at least 1 cm. When the tip of the needle was in the lesion, as much as possible of the purulent material was removed. If the abscess material was not drained at all, then alcoholization was performed by slowly instilling sterile AA (≥99.7%; 6.17±0.753 ml) until the lesion progressively became diffuse hyperechogenic (23, 24) . The procedure was repeated 7 days later when required.
Bactericidal effect of AA. Samples from the caseous pus of the hepatic abscess were assessed for the bactericidal effect of AA by Gram staining, bacterial cultivation, PCR identification and histopathology (29) . The bactericidal effect of AA was also assessed by cultural method in AA or penicillin solution.
First caseous pus of mung bean from a PHA was spread on glass slides and subjected to Gram staining following air-drying. Caseous pus was inoculated into LB broth and in cubated overnight at 37˚C with agitation (200 rpm). The bacterial suspension of 0.1 ml was inoculated on an LB agar plate and immovably incubated overnight at 37˚C. The bacterial precipitate was generated by the centrifugation of 3 ml bacterial suspension for 10 min at 4˚C and 4,000 x g then the chromatin DNA was extracted using the E.Z.N.A.
® Bacterial DNA kit (Omega Bio-Tek, Inc., Norcross, GA, USA) and lysostaphin (Sangon Biotech, Co., Ltd., Shanghai, China) following the manufacturers protocol, as previously described (29) . The primer pairs of the thermostable nuclease A gene (nucA) were, 5'-GCG ATT GAT GGT GAT ACG GTT-3' and 5'-AGC CAA GCC TTG ACG AAC TAA AGC-3'. The cycling conditions were as follows: 94˚C for 45 sec followed by 30 cycles at 94˚C for 30 sec, 55˚C for 30 sec and 72˚C for 60 sec; 72˚C for 120 sec and held at 4˚C. The desired fragment length was 279 bp following PCR. S. aureus strains ATCC 29213 served as positive controls, and deionized water served as the negative control. All samples were analyzed in triplicate.
The samples of PHA were fixed for 24 h with 4% formaldehyde in phosphate-buffered saline, and then processed through graded concentrations of ethanol (75, 85, 95 and 100%) and xylene, embedded in paraffin wax, cut into 3-5 µm sections, rehydrated and finally stained with hematoxylin and eosin (H&E).
Caseous pus was then respectively cultured in AA and penicillin solutions (diluted with LB broth) overnight at 37˚C with agitation (200 rpm) and observed. A bacterial suspension of 0.1 ml was inoculated into the LB agar plate and incubated overnight at 37˚C and observed.
Outcome measurement. A successful percutaneous intervention was defined as improvement with decreased temperature if the animals initially had fever, decreased WBC if they presented leukocytosis (30) , and total or partial organization of purulent material as observed by pathology.
Statistical analysis. Statistical analysis was performed with SPSS statistical software (version 16.0; SPSS, Inc., Chicago, IL, USA). All continuous variables are expressed as the mean ± standard deviation. Categorical variables are reported as percentages. Quantitative variables were compared by one-way analysis of variance (ANOVA) and the F-test, while multiple comparisons were executed by one-way ANOVA and the least significant difference method. All significance tests were two-tailed, and differences with P<0.05 were considered to be statistically significant. (Fig. 1) .
Results
Percutaneous transhepatic alcoholization in
As observed, all 6 animals had a single lesion (cross section, 4.86±2.47 cm 2 ) at the left hepatic lobe, which The WBC in PS-treated minipigs was significantly increased compared with the normal physiological condition and AA-treated minipigs (P<0.05). However the difference between PS and AA on day 7 of treatment was not significant (P>0.05). However, BW and RT were not significantly different between the two groups (P= 0.484 and P= 0.434, respectively). WBC counts of day 7 of PS treatment vs. PC and day 14 of AT. WBC counts of day 14 of PS treatment vs. PC, day 7 and 14 of AT. BW, body weight; RT, rectal temperature; WBC, white blood cell count; PS, physiological saline; AA, absolute alcohol; PT, PS-treated minipigs; PC, normal physiological condition; AT, AA-treated minipigs.
included round to oval mixed echogenicity with a ring of hypoechogenic liver edema surrounding the lesion. On day 7 following the therapeutic procedure, the ring of hypoechogenic liver edema disappeared in the AA group not in the PS group (Fig. 2) . On day 14 following the therapeutic procedure, the mixed echogenicity remained apparent, but the ring of hypoechogenic liver edema had disappeared in the two groups. The autopsy results subsequent to sacrifice on day 21 revealed that the abscess wall attached to thick gray-yellow pus was thin, pale and tenacious (Fig. 3A) . Histopathology indicated that the abscess wall was compact, thick and even, and its WBC count was lower in the AA group. The abscess wall was all lax, thin and uneven, and its WBC count was more in the PS group.
Bactericidal effects of AA. S. aureus bacteria from the caseous pus of the hepatic abscess were killed following incubation in AA for 20 and 30 min in AA; however, the bacteria were still alive when incubated for 10 min in AA or in penicillin G sodium (9.6 mg/ml in PS). The color of the suspension was evenly yellowish after the caseous pus was inoculated into the Luria-Bertani (LB) broth and incubated at 37˚C overnight with agitation. Typical colonies of S. aureus were identified after the bacterial suspension was inoculated into the LB agar plate and incubated overnight. Typical colonies of S. aureus were observed following the caseous pus of the hepatic abscess, on day 14 of alcoholization or PS treatment cultured in LB broth then on an LB agar plate (Fig. 3B) . Numerous Gram-positive thyrsiform cocci were detected after the caseous pus of the liver abscess was smeared on glass slides and Gram staining was performed (Fig. 3C) . In addition, the desired fragment was identified following PCR amplification (Fig. 3D) . According to histopathological analysis results, the abscess contents were organized fully in 2 minipigs and partially in 1 minipig in the AA group, and fully in 1 minipig and partially in 2 minipigs in the PS group.
The success rate of PHA treatment was 100% in the AA group subsequent to alcoholization twice, with full or partial organization of the abscess materials and normal WBC count. However, none of the animals was consistent with the criteria of successful percutaneous intervention in the PS group. No complications, such as hepatic hemorrhage, hepatonecrosis and mortality, were detected in any of the animals during AA or PS treatment.
Discussion
Image-guided PNA or PCD based on systemic antibiotic therapy is currently the preferred first-line management over surgical drainage, as in open or laparoscopic drainage, treating liver abscesses in the majority cases. However, it is difficult to aspirate or drain pus, and to select the appropriate antibiotic treatment when the abscess has thick pus and polymicrobial co-infection, or its pathogenic bacteria are multidrug resistant and cryptogenic in origin (8, 16, 17) .
Thick pus is a known characteristic in the Bama minipig PHA model and cannot be directly aspirated (29) . Therefore, AA instillation was selected in the present study for treating PHA. Subsequent to instillation of AA twice, the abscess contents were fully or partially organized, and the WBC content was restored to the normal values. These results suggested that AA may not only kill the super and inner bacteria in the caseous pus, but also inactivate their toxins and inflammatory mediators secreted. Although the achievement ratio of treatment was 100%, S. aureus bacteria were identified in the caseous pus of all minipigs, along with a number of Gram-positive thyrsiform cocci, when cultured microbiologically. Furthermore, S. aureus bacteria in the caseous pus were not completely killed after incubation in AA for 10 min. Thus, the experimental results of the present study suggested that AA can only perform limited osmosis and bactericidal effect in the caseous pus (17) .
The body weight and the size of the abscess cavity were not significantly different between the AA and PS groups subsequent to the alcoholization, which may be associated with no systemic antibiotic therapy (23) (24) (25) 30) . The rectal temperature was not significantly different between the two treatment groups, which was possibly associated with the cold and dry ambient air (26˚C) in the operating room and the applied general anesthesia, since the anesthesia and surgical procedure can synergistically interfere with normal thermoregulation (32) .
During the alcoholization, the procedure was well tolerated in the minipigs. Following the alcoholization, there were no alcoholic adverse effects, procedure-associated complications or mortality observed in the minipigs. Therefore, the present study suggests that the US-guided percutaneous alcoholization is a safe and effective procedure for PHA treatment, as also stated in previous reports (23) (24) (25) .
In the present study, the criteria for determining a successful intervention were met following alcoholization with AA rather than with 95% alcohol, as used previously (23) (24) (25) . AA was used in the current experiments since the thick pus from PHA was not drained at all. In order to avoid the attenuation of alcohol density injected and obtain the maximal function of dehydration and fixation (22) , PHA was managed with AA rather than 95% alcohol.
The present study has three limitations. Firstly, measuring the temperature of minipigs was difficult since they were easily agitated. Thus, a more simple and accurate method to record the temperature, such as biochips, should be used in future studies. Furthermore, the present results should be confirmed in study including a larger number of Bama minipigs. Finally, significantly different results could be obtained between the AA and PS groups if the observable period was longer and systemic antibiotic therapy was added. These shortcomings may be addressed in upcoming studies.
In conclusion, US-guided percutaneous alcoholization is a safe and effective procedure to manage PHA. The alcoholization may shorten the treatment period and become a new method to manage PHA. 
